T HE presence of decerebrate rigidity following head injury is a grave prognostic sign of brain stem damage or brain stem compression secondary to tentorial herniation. During the last 2 decades there have been frequent reports of recovery from the decerebrate state; 3-5,s Nevertheless, the reported mortality ranged from 38% to 50% with severe neurological and psychiatric deficits in many of the survivors. It therefore seemed of value to review our experience with these patients in an effort to obtain some indication for improving their care. The particular factors we have evaluated are the duration of decerebration, the presence or absence of an intracranial hematoma of surgical proportions, the time of surgical intervention in relation to onset of decerebration, and the use of corticosteroids.
Material and Methods
The records of 52 consecutive patients with decerebrate rigidity secondary to cranial trauma admitted to the neurosurgical service in the past 5 years were studied retrospectively; 42 were male and 10 female, and their ages varied from 3 to 84 years (average age, 30 yrs).
All patients were evaluated on arrival by a member of the neurosurgical staff, with immediate attention to emergency considerations such as airway obstruction and bleeding. Twelve patients were taken to the operating room immediately because of their rapidly deteriorating condition and the clear clinical picture of a supratentorial hematoma with uncal herniation. Each of the 40 other patients had emergency arteriography; this procedure identified 17 additional patients with intracranial hematomas, and these were then operated on immediately.
Tracheostomy was required in 42 pa-tients. In the acute phase the fluid intake was restricted to 1800 cc of 5% dextrose in water for each 24 hours. After the patients' condition had stabilized, and always within 5 days, fluid intake was increased to 2400 cc per day via nasogastric tube. All patients were initially placed on anticonvulsant therapy and broad-spectrum antibiotics, an indwelling urinary catheter was always installed. Hypothermia was not used, but all patients were cooled to normal body temperature. On arrival at our hospital, 23 patients received corticosteroid therapy in pharmacological doses (Dexamethasone, 16 to 24 mg daily, or Hydrocortisone, 600 mg daily). At time of discharge and on periodic follow-up visits, all patients were evaluated by a member of our neurosurgical staff and the quality of the recovery noted.
Results
In this series, 29 patients (58%) survived episodes of traumatic decerebration; of these, 14 had evacuation of an intracranial hematoma and 15 were judged to have nonoperative problems.
Effects oJ Surgical Intervention. lntracranial hematomas were evacuated in 29 patients, and 14 survived (48%). Of these survivors (Table 1) two have no neurological deficit, nine have relatively mild (non-incapacitating) neurological deficits, one has an incapacitating neurological sequela, and two have distinct behavioral disorders. In addition, two patients have occasional grand mal seizures controlled by anticonvulsant medication.
Seven of 10 patients with acute epidural hematoma survived, with only a mild hemiparesis or cranial nerve deficit. Two children, however, have become behavior problems, and one has developed precocious puberty.
Only five of 14 patients with acute sub- 
Effect o[ Time of Surgical Intervention.
The length of time of the decerebrate state prior to surgical intervention was definitely established in 23 cases (Fig. 1) . Surgical intervention was carried out within 2 horn's of the onset of the decerebrate state ih seven patients; five of these patients survived (four with mild residual cranial nerve deficit or weakness and one with a severe hemiplegia). Surgical intervention at 2 to 4 hours after the onset of traumatic decerebration was carried out in eight patients; five survived with only mild residual neurological deficits. Of five patients operated on 4 to 6 hours after the onset of decerebrate rigidity, two survived. Three patients operated on 6 hours after the onset of decerebration died.
Non-Surgical Group. In this group of 23 patients, 15 survived ( 6 5 % ) and eight died ( Table 2) . Among the survivors, the follow-up period varied from 3 months to 5 years (average follow-up, 21 months). Three patients are normal neurologically, and three have only a mild deficit. Six patients have gait difficulties due to ataxia or spasticity, one has a seizure disorder con- Fig. 2 . In the surgical group, four survivors were no longer decerebrate 24 hours postoperatively and have only mild residual deficits. Four additional survivors recovered within the first week after surgery; one of these now has a severe residual behavior problem. Six of the survivors were decerebrate for from 9 to 20 days postoperatively; one of these now has a severe residual hemiplegia and another a severe behavior problem, but four have only minimal or negligible residual deficits. Only two of the patients who did not survive recovered f r o m the decerebrate state prior to death, one the next day and the other 4 days postoperatively.
The duration of decerebration in the surviving non-surgical patients varied from 4 days to 4 months. The patients whose neurological examinations were normal or showed only slight residual deficit had remained decerebrate for periods varying from 4 to 48 days (average period, 18 days). Survivors with moderately severe or severe neurological deficits were decerebrated from 4 days to 4 months (average period, 42 days). None   FIG. 2 . Relation of total duration of tr_aumatic decerebration to survival rate.
of the eight non-surgical patients who died recovered from the decerebrate state before death.
Influence oJ Age on Recovery. Seventeen of 26 patients (65%) in the 0-20 year age group survived; seven of 12 patients (58%) in the 21-40 year group survived; and only five of 14 patients (36%) over 41 years of age survived. The results of the most recent neurological evaluation of the survivors (Table 3) show that patients in the younger age groups had a better quality of survival and appeared to tolerate longer periods of traumatic decerebration.
Influence o/Corticosteroid Therapy. Thirteen patients with decerebrate rigidity who had surgical evacuation of a hematoma received corticosteroid therapy (Table 4) . In this group, three patients survived with a slight residual weakness, one survived with a marked residual hemiplegia, and nine died. Sixteen patients with surgical evacuation of a hematoma causing the decerebrate state did not receive corticosteroids. Ten survived with only a slight residual neurological deficit, and six patients in this group died.
Ten patients with non-surgical lesions received corticosteroids. Three survived with minimal residual deficit, three have a marked residual deficit, and four have died. Thirteen patients with non-surgical lesions did not receive corticosteroids; seven survived with minimal residual deficit, two patients have shown little or no improvement, and four have died.
Over-all, six of 23 patients (26%) with traumatic decerebration who received corticosteroids showed a useful recovery, and 17 of 29 patients (59%) with traumatic de- cerebration who did not receive corticosteroids showed a useful recovery. The difference was significant by the chi-square test (p = 0.02).
Upper gastrointestinal bleeding developed in only one patient and was the only complication noted as the result of corticosteroid treatment.
Discussion
Although no one doubts the prognostic gravity of the decerebrate state following cranial trauma, a surprising number of patients in this series survived in a reasonably The absence of serious neurological sequelae in a majority of the survivors demonstrates the reversibility of brain stem damage resulting from this type of compression. This also emphasizes the need for routine cerebral arteriography as soon as possible in the diagnostic evaluation of these unresponsive patients. All of our patients not taken directly to the operating room had arteriography within 2 hours of admission to the hospital. There was a definite relationship between the type of intracranial hematoma and recovery from the decerebrate state. Survival was greatest with acute epidural hematomas and worst with acute subdural or intracerebral hematomas (Table 1) . This corroborates previous reports, 1,6,~ and is undoubtedly related to the fact that patients with acute subdural and intracerebral hematomas almost always have associated severe brain damage.
The duration of the decerebrate state prior to surgical intervention significantly influenced the chances for survival. Ten of 15 patients recovered after evacuation of hematomas in whom decerebration had been present up to 4 hours, but only two of eight patients survived after this critical time. Munro and Sisson 8 in discussing tentorial herniation described edema, thrombosis, and hemorrhage in both the herniated cortex and the brain stem. Obviously, the earlier the evacuation of a hematoma is accomplished, the greater the chance to prevent or reverse these changes. It is quite clear, as emphasized by Freedman, 2 that the appearance of decerebration in association with a supratentorial mass lesion calls for immediate surgical evacuation of the mass if there is to be any hope for survival.
Recovery from the decerebrate state was a good prognostic sign for eventual survival of the patient in both surgical and non-surgical groups. Only two patients who recovered from the decerebrate state failed to survive. A definite decrease in the survival rate was noted after the decerebrate state had lasted 1 week, so that after 60 days there was only one survivor and he remains semicomatose after 4 months. However, useful survivors were noted in the surgical group after 20 days of decerebration, and in the non-surgical group after 35 to 48 days. Previous reports 3,9-11 have also described useful recovery from the decerebrate state after similar periods of time.
The age of the patient suffering traumatic decerebration played an important role in his chances of survival. As in other series, the recovery rate was best in our patients under 20 years and poorest in patients over 40.1,9,1~ It is interesting to note, however, that eight of our 12 survivors over 20 are able to work.
The use of parenteral corticosteroids in pharmacological doses did not improve the percentage or quality of survivors from traumatic decerebration in either the surgical or non-surgical groups nor in any age group. Indeed the data, if anything, indicate a deleterious effect on the prognosis for these patients. Previous reports have indicated a favorable effect of corticosteroids in severe head trauma. Rogers and Hudson TM treated 20 such cases with hydrocortisone or methyl prednisilone; of the 15 survivors, 10 were under 15 years and none over 40. Sparacio, et al., ~2 used methyl prednisilone in severe craniocerebral trauma in 15 decerebrate patients; only six survived.
We do not feel that our failure to find benefit from treatment with corticosteroids can be attributed to patient selection. Although a double blind study was not performed, both treated and untreated series of patients had equally severe head injuries, and corticosteroids, when used, were part of the initial therapeutic regimen in each case. That is to say, the use of corticosteroids was not reserved for only the more severely injured patients after failure to respond to other treatment, but the choice was dictated by the differing preferences of the attending physicians or by the requirements of the clinical investigation for which many of these patients served as subjects. Summary Fifty-two consecutive patients with traumatic decerebration were studied to determine factors that influence the recovery from the decerebrate state. Although the data did not lend themselves to precise statistical analysis, it is our opinion that the following conclusions can be inferred:
. The mortality of decerebrate patients with supratentorial hematomas was greater than that of those with direct damage to the brain stem. However, the quality of survival was better in the former group, indicating the likelihood that brain stem compression is often completely reversible after evacuation of the hematoma.
. The mortality and morbidity were greater with traumatic intracerebral and subdural hematoma than with epidural hematoma. This correlation was probably related to the amount of associated diffuse brain damage.
. A progressive increase in the mortality rate in the surgical group could be correlated with the duration of decerebration prior to surgical intervention.
4.
Patients who recovered from the decerebrate state usually survived.
. There was an increase in the mortality rate when decerebration persisted for more than 1 week, but there were useful survivors after even 45 days of decerebration.
6. The mortality rate increased with the age of the patient.
. There was no improvement in the number or neurological status of survivors with the use of parenteral corticosteroids in pharmacological doses.
